One of the achievements of CyberRail concept is that it has proposed the fabric of the transport, which is so simple and strong that we cannot miss the future direction of the revolution towards an intermodal transport system. The second one is the creation of a tailor-made travel assistant model, that is, itinerary-based, situation-sensitive traveller information services. Considering the fast development of ubiquitous computing technology, functions of CyberRail will become more and more realistic. We have established a special interest group (SIG) on CyberRail in Japan. One of the purposes of the SIG is to make CyberRail architecture. We also proposed some of the service-oriented system packages, which are often referred to as "market packages." In addition to the system architecture development, we have developed an experimental implementation of traveller support features of CyberRail. Using this system, passengers get train transfer guidance according to their enquiry through mobile phone. Once the passengers started travel, the system continues to give information during the travel when they arrived at particular transfer points as if the passengers have assistants with them. The paper describes structure and mechanism of CyberRail.
INTRODUCTION

Railways Now
Railway transport was/is like a cheap restaurant. You would be full if you could be patient with a same menu and nasty food. In the age when no other means are possible to provide transport with reasonable cost and safety, railways were one of the best. This characteristic could last, if your travel demands happened to be one of the services that the railway provides. We could replace the term "railways" with "public transport" in the above context.
The emergence of automobiles, particularly private cars, destroyed this prosperity of public transport. Once people find a way to meet their travel demands with more comfortable way, a very few people would like to use public transport. The risk to drive a car is 1000 times bigger than to take a train, however, the people still prefer driving.
Are cars future transport means? Are railways out-of-date mechanisms for transport? Are railways dying as an endangered animal? No, definitely not! CyberRail is an information infrastructure, on which a brand new transport business model can be constructed, in order to rescue this situation. In this context, CyberRail is also used for an application model, particularly a travel assistant function, on the infrastructure.
Mobility Tomorrow
Three transport modes
It is now widely realised that information promotes movement and journey. The recent development of broadband Internet services makes us to easily and quickly access a very large amount of information. Despite this easy access to information, the number of international meetings and conferences is still increasing. This fact suggests that when people get the more information, the more they want to visit places and meet people.
Roughly speaking, there are three main transport modes, that is, railways, airplanes, and automobiles. Each has its advantage, which the other modes cannot easily fulfil. Airplanes give us a speedy travel, but its cost would be more expensive and safety is less confident, though the statistics do not necessarily prove so. This mode is necessary for inter-continental travel.
Automobile would provide a convenient trip. We certainly need cars to drive from our home to a station or an airport. On the other hand, safety, travelling time, and environmental friendliness would be problems. A strong rival of this mode is railways, which provide inexpensive and safety journey with a reasonable speed. One of the disadvantages of railways is lack of flexible scheduling.
Inflexibility is a common characteristics for public transport, such as railways and airplane, in order to increase their efficiencies and due to restrictions of resources. Passengers would tolerate and understand this inflexibility for airplanes, because air travel is normally a long haul, like an intercontinental. Railway passengers would be bored with inflexibility for a casual journey. If Shinkansen, TGV, IEC or equivalent high-speed train systems were not introduced, railway business would not have achieved the current prosperity except for commuter uses and some freight business. The situation in the USA proves this observation.
Intermodality without changing hardware
As each transport mode has its own advantage, in order to promote smooth and safer transport, changing transport modes during a journey would be one of the solutions. Also to change transport means is definitely reluctant factors for travellers. Several attempts were made in the past to fabricate single transport equipment for adapting a couple of transport modes. Typical examples are flying boats and seaplanes that combine the functions of airplanes and ships, or road trains that create linked truck convoys running on roads, or train ferries that link trains and ships.
However, such technologies have yet to become a mainstream transport mode probably because our present-day transport modes have developed over many years into higher efficiency on the basis of core hardware technologies that have very little fundamental compatibility. As a result, the concept of hardware-based intermodality between present-day transport modes may be flawed. Intermodal transport by hardware-means would be auxiliary for the time being.
Single mode for every occasion
The opposite idea could be a solution of enhancing weakness of a single transport mode. Actually transport means are revolved in this way.
Railways started to play its role from vehicle centred system. In order to increase speed and improve safety and efficiency, the railway system became more ground centred, that is, more equipment along the rail lines. It took long time and investment for railways to achieve the current level of speed and safety. One of the reasons why railways achieved this is that train system is relatively easy to monitor and control than the other modes.
The situation would be same as for automobile revolution. According to ITS, more ground based equipment and facilities will be required to improve safety and efficiency. Particularly, heavy investment are needed for automatic driving and the similar functions.
The reason is as follows. An entrance of a house or an office, a starting point of driving, connect to a road. Each road, being an edge of a graph, contributes to establish a nation-wide or continental-wide transport network. Due to this very reason, road transport cannot be separated from daily human activities. This is one of the reasons why road transport is more hazardous and convenient than rail transport.
This new investment to automobile revolution might provide a new safer transport mean, however, it would take longer time and more money than railways. Therefore, we claim that this direction of research would be unnecessary duplication of investment in transport area.
As a matter of fact, it is the time to design railway systems with fewer facilities and equipment along the lines to reduce costs and enhance efficiency, except systems required more functionality, such as, Maglev. It would be wiser for all the transport modes to cooperate to achieve these goals.
Similar solution in communication area
Supporting evidence for this direction, a collaboration of multi transport modes, is a mobile telephony. Intermodal transport looks like a cellular phone system. Radio frequencies are valuable and limited resources. By restricting the reachable area of one radio frequency, the same frequency can be re-used in the different area. Wired communication infrastructure is used to connect all the cells. This is exactly the same image of intermodal transport. By restricting the usage of cars within a short haul, roads as limited resources can be used more efficiently. For a long haul, railway systems can take care of passenger.
For electronic communication, to switch data is not difficult at all. However, for intermodal transport, changing trains and cars would be the bottleneck, which prevents passenger from willingly using railway systems. However, let us remind you that exchanging data was not so easy before the Internet becomes popular. We might be able to solve the difficulties with CyberRail. 
Cooperation
Efficiency
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Information Centred Interoperability
One of the important things, which has been ignored by both road and train transport is that it is people to use transport. When we think of transport, there are tendencies to start from cars or trains, instead of people, though the former are just means, but the latter are the subject to be carried. How to give people appropriate information, to guide and protect people from accidents, to make people comfortable when they use transport, etc., are most important, which have been paid attention with lowest priority. When we re-construct transport system, we have to start from people.
In addition, we have to solve the problem how to isolate people from hazardous situations during a travel and how to mitigate them effectively. CyberRail is one of the alternatives to realize this conflicting requirements.
The aim of intermodal technology is to facilitate efficient and comfortable use of compatible transport modes. CyberRail research project is a software-based intermodal concept for improving transport efficiency and comfort.
Software offers a variety of options for supporting intermodal transport. Different countries, operators and manufacturers, therefore, will construct their own unique systems in accordance with the their own needs, business activities, profit levels, etc.
Looking at the various independently developed systems mentioned before, from the viewpoint of user interoperability (meaning that passengers can travel through all transport modes with uniform procedure by one device), other barriers have arisen, forcing passengers to face other inconveniences until a globally unified system can be offered.
In these circumstances, it is most important to establish a general system or a mechanism with sufficient flexibility and openness for the anticipated various systems to assure user interoperability while meeting the individual requirements of localities and operators without undermining the principles of competition. It is becoming more and more important to develop software-based interoperability technologies that can meet new social needs by fusing the various hardware solutions into a comprehensive and effective whole.
A PROFILE OF CYBERRAIL
Interoperability for Passengers
Let us explain a scenario, where one of the services of CyberRail is available, and where IT is the key technology to offer railway customers a virtual assistant and/or a ubiquitous companion. A traveller explains the purpose of the journey to this virtual assistant with information including the destination, personal preference, budget, selection priorities, etc. In this example, perhaps the person would like to visit tourist resorts. The virtual assistant then accesses the records of client's travel history and personal preference for complementing the enquiry, and offers various suggestions based on preferred cost, duration and other conditions.
Travel planning is often a time-consuming process. If there are several potential destinations, the assistant will evaluate the timetables, booking conditions, overcrowding, etc., to propose a couple of suitable travel itineraries. Then the traveller can make a final decision and asks the assistant to make the necessary reservations and virtually purchase the tickets.
On the day that the journey starts, a virtual travelling companion, realized by ubiquitous computer technology, continually would sit beside the traveller and would access the travelling conditions on all the transport modes so that the passenger can enjoy even the most difficult trip. Furthermore, if the passenger becomes bored during the trip, the companion will give advice about entertainment, resorts, etc., or if the passenger wants to rest, the companion will not disturb them unless absolutely necessary.
Other services include re-bookings for missed connection, advices on shopping, restaurants, etc., and notices for special shopping sales. If there is enough number of passengers looking for a connection, extra trains may be on service, depending upon the policy of railway operators.
The service is not only for passengers -a guardian may contact the virtual assistant to locate his/her children en route. The higher level of travel safety and security will allow handicapped passengers to travel smoothly and safely, such as, elderly people, small children, and foreigners who do not speak the local language.
If this type of social infrastructure can be provided at very low cost or for free, there is little doubt that many more passengers will find public transport systems more convenient to use. This type of information business model focused on railways and based on the future growth of IT, offers benefits to both railway passengers and operators, and we believe that it is an essential component in achieving an efficient and mobile society.
What is different from a passenger guidance
The conventional way of railway transport consists of the following acts:
• for passengers to take a train, which actually runs and roughly meets their potential travel demands;
• for railway operators to run trains as planed and to maintain railway related equipment and facilities, provided that the demands of the passengers are the same as in the planned schedule. One of the reasons why CyberRail is so different from an information provision and guidance system is that, extremely speaking, CyberRail aims at creation of new carrying power such as new trains or increasing the number of coaches, depending upon the current demands from passengers, which are taken into the system through interfaces by information guidance. CyberRail also aims at giving passengers information so as to make passengers flows optimum.
In this new way of control, there is no distinction between normal and abnormal operation in adjusting passengers' demands, though there are normal and abnormal situations in passengers flow. This function is not only convenient for passengers, but also profitable to railway operators, because they could provide transport capacity efficiently.
Communication between passengers and railway operators is an essential part of CyberRail. If information about what is going on in the real transport is on a cyberspace, we can introduce various planning methodology to solve effective transport operation control problems. This is why information processing is useful for creating effective transport plan. 
Why CyberRail is studied
The study of CyberRail started from various needs. It is expected that Information Technology, IT, whose central technologies are ubiquitous and mobile communication, will reform the business model of railways maintained for 100 years, according to a railways operator's management policy.
From this, it is necessary to show a scenario in a new business model of railways, that is, to make a conceptual fundamental model for information infrastructure, on which any Japanese and world transport systems can be built.
In other words, CyberRail is a study of the foundation, from information science point of view, on which each railway operators can develop its own new business model to increase the quality of railway transport, which eventually leads railway business to the central position of world mobility.
CYBER-RAIL CONCEPUAL STRUCTURE
Conceptual model
To facilitate smooth use of different public transport modes, it is necessary to know travel demands and current positions of passengers. There must be a constant communications link between Tag, virtually carried by the moving passengers, and the corresponding virtual objects representing the travel demands in cyberspace. Tag provides continuous updates on the passenger's status.
Basic classes of cyberspace
The cyberspace that comprises CyberRail is composed of the following three basic classes: 
Travel Demand class (Tag class)
This class is a mapping into cyberspace from the abstract object "travel demands" in real space, which represents its holder. Its attributes are movement demands, current positions, profiles, etc. The profiles includes the preferences of the travel demands, the up-to-date history and other customer management information. This travel demands are sent into the system through virtual equipment called Tag. Although in the first place we thought that Tag might be single and unified communication gear on your palm or in you pocket, it is totally wrong in two main reasons.
The first viewpoint is a very clear from the ubiquitous computing concept. Mark Weiser, the founder of ubiquitous computing, claimed, "A good tool is an invisible tool. By From this point of view, Tag must be invisible and unconscious when it is used. Also it must be always beside the passengers. These three points are necessary conditions for Tag. This does not mean that a Tag is a concrete solid equipment.
Secondly, a simple and basic but very practical example recently emerged in Japan. It is called the goopas system. It looks a different system from CyberRail. However, it implies possibility that Tag, or partial Tag, could consist of a combination of the existing usual equipment and facilities. The system is explained in 5.1 in this paper. In this case, Tag is a combination of a season ticket and a cellular phone. A public information kiosk might become a display for the passengers instead of the display of the cellular phone. We will have variety of visible ubiquitous equipment in the near future.
Carrier class
This class is a concept for vehicles which play as carriers in intermodal transport, that is, abstraction of automobiles, trains and planes. Its attributes include current position, status of passengers (Tags) on carriers, status and condition of vehicles, maintenance data, etc. Looking at this model, it might be possible to view the current road-based ITS as system in which only a part of the carrier classes that the individual driver-passenger has a control is considered, that is, carrier classes that carry plural travel demands are excluded. This is, of course, not a correct and fair description, as the ITS has a category of public transport. However, the ITS ignore each passenger's travel demands on a public transport.
Route class
This class is an item composed principally of transport plans and control functions plus the management and maintenance status of roads, railway tracks and airplane routes. Consequently, its attributes are the route status of the carriers, meteorological data such as amounts of precipitation, maintenance data, etc. This class will be discussed and explained as one of the future study themes of importance.
Privacy and Position Data
Position data or trace data of passengers' positions are very important in CyberRail. However, it may be controversial, particularly from privacy and security point of view. Here we would like to point out two things. The first one is that we will find technical solutions for these problems soon, though a fundamental solution would not be found. The second is that privacies and securities are in a relationship of trade-off. Let us explain that tracing objects protect assets.
A basic principle of physics for non-quantum size, dictates that a physical entity cannot exist simultaneously at two points. If the position of a moving body can be tracked continuously, we can guarantee that the body is genuine at any time. Let us explain it by example, when a new credit card is issued and mailed to the owner's address and then used by the owner, if it is tracked continuously, it is easy to confirm as genuine. Fig. 6 illustrates this situation.
Even if the data of a card is stolen, where normally holders difficult to realise, fake card appears at the different place with the same data, which means one of them would be a fake.
There might be fears of creating the same type of privacy problems as those described in George Orwell's novel 1984-Big Brother is Watching You, but if the system is designed prudently, it offers a good opportunity of providing the added value of a credit validation system with a position-location system.
Let us remind you that the problem about Big Brother is that he knew who you are, as well as where you are. By cleverly separating these two kinds of information, he could not intrude on your privacy easily.
SYSTEM ARCHITECTURE
Architectures and standards
In adopting IT, railway operators have developed their own unique systems based on regional characteristics, cost performance and their own business policies.
However, from the users' viewpoints, barrier-free and seamless functionality are the most important requirements when travelling on all the various types of public transport. In other words, the preconditions for establishing an ideal software-based intermodal transport system centred on railways include creation of a new business model based on improving transport efficiency, solving environmental problems, planning increased barrier-free mobility for elderly and disabled passengers, etc. To achieve these preconditions, railway operators and other transport providers will need to work together to guarantee smooth transfer of data between their various systems, including the road-based ITS; this in turn demands global compatibility of data and communications systems.
However, standardization to ensure system compatibility is not an easy matter. The recent introduction of JR East's Super Urban Intelligent Card (Suica) is a good case study. The Suica can be used as both/either a commuter pass (season ticket) and/or as a stored fare (SF) card and it has an embedded microprocessor chip; it provides automatic passage through ticket wickets, simply by touching wicket mechanisms with a card, without removing the card from the wallet, card case, etc. As an SF card, the passenger can add more money to the card when the stored fare runs out.
Although the Suica is used unidentified as a SF card, when using the Suica as a commuter pass, the system records owners' IDs. This give an addition function that if a card is lost, it can be made void and a new card may be re-issued. This is a good example for sacrificing some privacy and getting more security.
It is quite natural for the different business strategies of companies to lead to the creation of different systems, but the end result for users is more inconvenience and dislike for the systems. We urgently need joint specifications and standardization that allow each company to adopt their business strategies while securing user convenience through guaranteed interoperability. Fortunately, such efforts have been progressed recently and we will have a standard, where a single card can be used all 
CyberRail Special Interest Group
In July 2001, RTRI organized a special interest group on CyberRail (CyberRail SIG), which is open to any individuals and companies who are interested in this field of research. One of the main goals of CyberRail SIG is to define the system architecture of CyberRail and to promote interoperability of various rail-related information services that will be deployed in the next decade.
With substantial contribution from the stakeholders of railway including the experts of railway information services, we have defined 17 user services that are categorised into four areas of service. Each user service has been broken down into logical architecture, which defines sets of functions or processes that are required to satisfy the user service. Logical architecture development was carried out as an activity of CyberRail System Architecture Working Group (CyberRail SA-WG) with members from a number of Japanese IT companies, rail-related manufactures and railway operators.
In addition to system architecture development, we have also made a survey on legal aspects of CyberRail, including, but not restricting to, issues concerning privacy and product liability. Another activity that has already been carried out in CyberRail SIG is the survey on standardisation issues which includes the current status of ISO/TC204(Intelligent Transport Systems), IEEE VT-06(Vehicular Technologies) and other standardisation activities related to IT and transport.
User requirements and user services
For CyberRail to be a useful and convenient tool for intermodal travellers, it must provide certain basic services. We will call them services according to the usage in ITS, which means functionality of the system. These include the ability to support travellers' route choice on a door-to-door basis rather than on a station-to-station basis, offer them latest information on train operations, navigate them at transfer stations, and so forth. These basic services are called "user services", which describe what the system should do from user's perspective.
Note that the word "user" refers to all the stakeholders of railway including, but not restricting to, passengers and railway operators.
With substantial contribution from the stakeholders of railway and other transportation, we have already defined 17 user services that are categorised into four areas of service as follows:
(1) Intermodal Traveller Assistance (2) Demand-oriented Train Operations (3) Safety and Security assurance (4) Cooperation with outside systems
Intermodal Traveller Assistance
Under the category (1) Intermodal Traveller Assistance we have 6 user services that are listed as follows:
(1) Location-aware provision current train operations.
(2) Point-to-point route choice support. 
Architecture Development Process
These user services are derived in a top-down analysis in which requirements are allocated on the top and decomposed down through detailed requirements, software function decomposition , and assignment of software module to each hardware components in an orderly fashion. During the process of stepwise refinement of requirements, we have to make sure that the originating requirement is satisfied by the decomposed requirements so that the intended functions of the system can be reflected in the lower level specification or the implementation of the system. The process adopted in building the system architecture of CyberRail is depicted in Figure 8 .
Logical and physical architecture
These user services are broken down into logical architecture, which defines sets of functions or processes that are required to satisfy the user service. Fig. 9 shows a simplified version of our toplevel logical architecture of the CyberRail traveller support systems. In this figure processes (functions) are represented in circles annotated with corresponding process names. Directed arcs represent data flows in the direction of the arrows. Data flow symbols are annotated with names of data they carry. Rectangles represent external entities (i.e. terminator) which input data to the system or consume data produced by the system. The development of logical architecture of CyberRail will be followed by the development of physical architecture, which defines all the physical entities that make up CyberRail systems and the interconnections and interactions among these entities. We will have several alternatives, physical models, in which every process captured in logical architecture is mapped onto a physical entity. This facilitates the development and deployment of interoperable systems without impeding innovations as technologies advance or new approaches evolve.
Before going on to the development of physical architecture, however, we will have to verify in advance that the logical architecture that we have developed has sufficient generality and expressive power to include potential CyberRail applications. This is why we have decided to proceed to case studies which include an experimental implementation of CyberRail traveler support system rather than going directly on to physical architecture development. The evaluation of the experimental implementation of CyberRail is expected to be fed back to our logical architecture. In the next chapter, we will explain the overview of this experimental system.
AN EXPERIMENT OF A CYBERRAIL FUNCTION
goopas
We have developed an experimental system implementing part of the fundamental functions of CyberRail. It is very important to know current locations of each passenger during a travel for realizing CyberRail services. In the experimental system, we utilize data from automatic fare collection (AFC) gates as the sources of the location and timing information of passengers, getting in or getting out a station. For other locations predictions according to train timetable are used.
Most of the railway stations located at the urban areas of Japan are equipped with AFC gates, which are (or could be) connected to central computers. A private railway company in Tokyo Metropolitan Area has started a new passenger service called goopas that is aimed to promote the utilisation of the railway. The outline of the service is as follows: Passengers who want to get the new service must have cellular phones that can receive electronic mails. Identification numbers of the passengers' seasonal tickets are registered in the host system of the service. Every time one of the registered passengers goes through an AFC gate, the ID number recorded in his/her ticket is sent to the host system. So the host system can know the current location and the direction of the passenger (going into a station or going out a station). The system sends an electronic mail to the cellular phone of the passenger, which contains location-sensitive information tailored to fit the interests of the passenger. This includes information on nearby shops, restaurants, some events of the town, daily news, or other short stories of the day. Passengers can enjoy these location-sensitive advertisements delivered by email from goopas for free since all advertisements are sponsored.
Experiment Details
We realised a partial function of CyberRail in the experiment as follows: (1) In the first place, for getting information about his/her travel, they input origin/destination and other conditions through an Internet terminal or mobile phone. (2) The system compiles the alternatives to the passenger using a timetable inquiry systems already on the Internet. (3) The system sends back the alternatives to the passenger. And he/she chooses one of them. (4) The system registers the selected data as the itinerary. (5) The system sends back itinerary and relevant information such as maps of the departure station to the passenger as a receipt of registration. (6) The system reminds the passenger to leave home or office to catch the train in the itinerary at α minutes before the departure. (7) If the passenger fail to pass through the ticket gate before β minutes prior to the departure time, the system send a warning message together with the next possible itinerary. (8) There are two cases. One is that the passenger gets the original train. The other the passenger fails to catch it. (9) The system can decide which case happens according to the gate pass time. That is, if the gate passing time prior to the departure is smaller than δ minutes, the system decides that the passenger is late. (10) If the passenger fails to catch the first train but catch the second one, the system guides the passengers based upon the second itinerary. around the final destination may be sent to the passenger and the session is closed. We utilise goopas as an underlying system of the experimental CyberRail system. Although the passengers' location data are only available when passengers go through AFC gates (in or out), it is better than nothing. In addition, the system predicts location of a passenger based on timetable information(i.e. train schedules) and the passenger's itinerary so that we can figure out when the passenger is approaching transfer stations or the final destination.
Of course it is desirable to utilise other mechanisms to get the more precise and detailed location data of passengers (GPS etc.) for the real CyberRail services. The functions of the experimental CyberRail system are as follows.
• A passenger accesses the system via Internet and indicates his/her desired destination and departing or arriving time.
• The system presents candidates of the travel plan and the passenger selects one of them. The selected plan is recorded by the system.
• When the passenger goes through the entrance gate, the system receives the location data of the passenger and sends an electronic mail, which includes the information about the travel, such as the station map, the route guide in the station and the train identification the passenger should take.
• As the system manages the timetable of the passenger's travel, it can send emails on the timings when the passenger may need guide information such as transfer, other than the timings when the passenger goes through the AFC gates.
• The system can manage the irregular situation. If the route of the original travel plan cannot be used because of some accident, the system sends the email that shows the possible alternative route. If the passengers miss the train of the original plan, the system automatically reschedules the plan and offers a modified travel plan, without any additional operation by passengers.
Experiment Evaluation
Experimental operation of the system has been carried out by Railway Technical Research Institute, OMRON cooperation, the goopas system manufacturer, and Odakyu electric railway, which is one of the major private rail companies in Tokyo urban areas. The questionnaire survey showed that many users highly appreciated the service provided by the system and that most of them were satisfied with the contents of distributed messages (Figure 13,  Figure 14) .
Some people commented that the system is effective enough to be able to support novice passengers who use railways less frequently. One of the features which are highly appreciated by the users is the ability of the system to flexibly adjust passengers' itineraries. The survey also revealed that they have strong needs for information and guidance in large-scale, complicated stations where they often find difficulties getting to the right platform. It was also pointed out by a number of users that the delivery of information by e-mail to the cellular phones are not dependable because there might be some delays of delivery due to the congestion of the communication network or the overload of mail servers.
ESSENCE OF A CYBER-RAIL
The Cycle of Railway systems
As mentioned, the aim of the CyberRail research is to study information infrastructure governing nationwide transport systems centring around railways. The term CyberRail is used ambiguously sometimes for the infrastructure itself, and sometimes for an application model that works upon the infrastructure. Particularly, the concepts, scenarios, and experiments of intermodal transport and information provision mechanisms based on the infrastructure have been emphasized so far. This gave us two results. Good one is that CyberRail becomes popular and negative one is that CyberRail is considered only for passenger information provision system. However, the essence of CyberRail is to make one to one correspondence among passengers' demands, carriers, and routes, from the real space to the cyber space. In addition to these mappings, or using these mappings, the research for a Plan-Do-See (or PDCA) cycle of railway business on this information platform is another important and challenging theme.
As mentioned before, railway transport consists of the following two actions:
• for railway operators to run trains as planed and to maintain railway related equipment and facilities, provided that the demands of 
Work as Work as Disturbances Disturbances
the passengers are the same as in the planned schedule. Passengers also have PDS cycles for travel. However, demands generated from these cycles are not the same what railway operators assume, which come from statistical data in the past. Therefore actual travel demands become a kind of disturbing factors against the railway operators' management cycles. In addition to these gaps between planed and actual demands, normal railway transport hazards, such as, natural disasters, facility disorders, and other various faults remain another big disturbing factors. Fig. 15 explains this relationship.
Grasping travel demands has been the central importance for the railway business. There have been many researches and investigations on this theme. However, due to the difficulties of getting demands that might be changing during the travel, only statistical estimation can be available so far. It could be possible to create travel demands by advertisement, but managing or controlling travellers in real time basis would be out of the questions.
The reason why CyberRail, as an application model, does not remain only within a guidance system is that extremely speaking, it aims at the creation of the demands and the guidance according to the created demands based upon passengers' original travel demands. This very function is not only for passengers' convenience, but also for effective use of railway operators transport capacity.
In other words, the essence of CyberRail is as follows:
• guidance will be done in order to grasp the potential needs of passengers; • trains will be operated according to the acquired needs; • in addition, by guiding each passenger, railway operators try to adjust traffic to achieve the maximum efficiency, considering the total capacity and restrictions under the current situation. These actions increase passengers satisfaction level and safety level, and decrease the cost for transportation.
Facility Management in CyberRail
The research of the route class in CyberRail is behind. This implies, in a sense, an essential flaw in the first stage of the CyberRail research program. We brought the route class as static objects, in order to treat the systems uniformly. The positioning information of tracks should be as precise as a millimetre order, which would be normally difficult to handle for IT equipment or systems, such as GPS. Therefore we thought that it should be replaced by more appropriate or concrete concepts at a later stage.
In 2002, however, the International Electrotechnical Commission (IEC) issued a standard called "IEC62278 Railway applications -Specification and demonstration of reliability, availability, maintainability and safety (RAMS)." This norm somehow requires a railway transport quality management through their lifecycle, based upon numerical data. Although quality of railway transport contains various factors, reliability, availability, maintainability, and safety are focused.
From this context, in the future railway management, introduction of numerical data management will be promoted for cost saving and quality management. The numerical data here, of course, imply and contain not only static data but also status data of ground equipment and facilities, in addition to data of passengers and vehicles, in other words, total data about railway operation. 
Communication Media to support CyberRail Model
After the introduction of CyberRail, particularly, a numerical data management, the disturbing factors in figure 15 can be cooperated or mitigated into railway operators management cycles. We believe that functions, if they are correlated, can only be fully achieved by taking every aspect into consideration. Data collections would be one of them.
From this view point, although we need communication among objects in the cyber space and real space, the communication is not necessarily online real-time ones, which are ideal, but need more cost. Then we can use other means considering the cost and benefits. We should be careful to select how to retrieve data, particularly from route objects considering cost performance.
FUTURE OF CYBER-RAIL RESEARCH
The logical architecture of CyberRail has been drawn up, however, this is only the starting point of the CyberRail research. We have and will have the following research themes:
Railway business related
Modes Transfer Guidance System
Although many train transfer guiding systems are proposed, few progress are made on the facility of considering a personal taste and requirement. The examples of requirements are:
• transfer guidance only using stations, which are equipped with escalators/elevators • adjustable transfer time from one train to another, according to individual walking abilities and congestions of the stations • guidance of platform numbers, etc.
These requirement can be met not only by improving software engines, but also by providing appropriate data. This brings the next study theme.
Standardisation of information for timetable and guidance
One of the difficulties to standardise these data is the difference in the form of these data in various railway operators and other transport companies. This is because of their traditions and inventions in each organisation, due to the difference of passenger flows in districts, and other environments.
On the other hand, the data describing the current traffic situation is very important, particularly from a passenger guidance view point. One railway company needs the other data, because a passenger might go to the destination in one of the other company. We need a standard representation of these data by least processing efforts from their current form of the data.
Web service can be considered as technology for this. Although standardisation of a format of the data which each company is actually using would be difficult, if they have a WSDL which describes the interface for data access, they could use the information each other. Moreover, it would be easier to have a standard WSDL for data access than the standardisation of the raw data format. 
International Standardisation of Tickets and their settlement
CyberRail does not introduce a ticket concept, because the tariff can be calculated from the trace data of a passenger. However, from a practical problem, we have to introduce tickets, though they may be in the form of IC or in the Internet. Handling tickets, particularly in a foreign country is troublesome. We have to solve this problem internationally.
One comment, if we could say, is the situation would be different from Europe and USA to Asian countries, where many people ride and penalty of free ride is not popular.
Railway management 7.2.1 Timetable planning, operation and re-scheduling based on passengers' demands
This is a very fundamental problem, where the discussion of CyberRail started several years ago. Basic idea is as follows: if railway operators have bi-directional communication links to passengers, old style reservations would not be necessary. This is explained in Fig. 18 .
Travel planning is like a golf game. You don't have to make a precise shot at the start. Instead, almost precise long carry is needed. In the journey case, booking of dates/time-zone of departure/arrival, departing station, and arriving station would be necessary when you decide the travel plan about, say, a month before.
In other words, a traveller gets a guarantee of a space carrying him/her from the departing station to the destination around the time specified. Fundamentally, this is an enough requirement from passengers point of view, and this is a very convenient specification for railway operators, because operators can see this mechanism as follows: the booking of a space can be interpreted as putting a space request on travel demands queue. Operators have freedom of setting up a train with maximal likelihood of passengers' requests, that is, the train property might not be the exactly what one specific person wants, but many passenger are satisfied with.
One of the reasons why we could not introduce this mechanism is that we have not had a cheap and easy both way communication tool. Now we have a cellular phone or easy access to the Internet, by which railway operators tell passengers about detail information later, or even negotiate passengers with some of the request conditions.
Once trains schedules and other conditions have been fixed, using communication channel, precise information about seating would be informed.
In Fig. 18 , a passenger got a booking a virtual train having the properties shown in the figure. A week before the departure, more concrete form of the train information will be sent. Then finally, just before the departure, the passenger will get the detail information, possibly with additional information of how to get the departure station, etc.
The idea suggests the necessary information from a passenger are: To introduce a flexible train schedule, we have to consider how to relax the various restrictions on the railway systems explained in the Fig. 19 . One of, or most of the reasons why we cannot introduce flexible train time schedule is that there are many possibly conflicting restrictions about facilities and crew for setting up one train. In Japan, unfortunately, we have no GSM-R equivalent systems, which have special features for transport operation, and have exclusive frequencies only for railway use. In order to introduce a similar system, we have to make communication architecture for transport general and railways in the future.
Wireless Mobile Communication
Intelligent Train Control
Using a secure and stable communication link, we are developing intelligent train control system. This system consists of three main functions. The first one is predictive function. So far, signalling system does not take care of energy saving and train operation irregularity re-arrangement. This means that there are unnecessary speed control notch-ups and braking-downs. However, if we know the total positions of trains ahead and current situation of train distribution, we could calculate the optimal distribution of the trains. This is a pure functional improvements from the current railway control system. 
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Figure 19. Relationship between Restrictions and Demands
The second one is for improving safety. Detecting obstacles ahead, safety of running trains would be improved. Detection may be automatically or help driver to see obstacles, such as enhanced vision systems.
The last one is to protect maintenance workers alongside the track. This may be easy from technical view point, but, practically we have to reduce the cost and develop systems which is easily introduced in the working environment.
Railway maintenance
As explained in 6.2, RAMS standard (IEC62278) was issued. We have deepen study themes relating to maintenance in CyberRail. If we only restrict safety related factors, there are following blocking factors for railway safety.
• Modification and the destruction of track and ground constructs, mainly caused by deterioration and natural disasters, such as earthquakes, heavy rain, snow slide, etc.;
• Foreign substances within level crossings, by vehicles, and by natural disasters, such as, sands, falling stones, an along-the-line fire, etc.;
• Failures and damages on vehicles equipment and apparatus caused by deterioration, damages and control-failures on braking mechanism or running equipment, etc.;
• Failures of train control systems, such as, signal equipment; • Derailment caused by complex interactions between rail and wheels and natural disasters, such as, strong winds, etc.;
• Human-error originated in the human mistakes at the time of operation, instructions, maintenance, etc., and at the time of design and manufacturing;
• Train fires originated in over-heat of vehicles apparatus, short circuits, electric discharge destructions, etc.;
• Intentional sabotage originated in mischief, a crime, etc.
We have many things to do and actually we are doing research work to solve these problems.
Formal Methods and Railway Domain Model
RTRI is doing a research on formal methods for improving the safety of software. A RAMS related norm(IEC62279) recommends to use formal methods for guaranteeing safety of a software whose SIL is four. Causes of failure in software are called as systematic failures, which are different from random failures, because they will always occur when conditions are met. In addition, finding conditions are very difficult.
Generally, so called debugging is a way to cut off potential failures, but we cannot get a guarantee that there will be no more failures in software in this way. One failure in an instance, which is a very small proportion, of software will cause a catastrophe when the conditions meet. This is totally different from random failures with a very small probability. One of the applications for formal methods is a domain model approach. A domain model can be expressed as a compressed form of knowledge and know-hows in a technology domain. It can be used as a reference model for newly building system and used an encyclopaedia of the past knowledge and know-hows. The Ohm's law and the Maxwell's equations in electric and magnetic engineering are considered as one of the examples of domain models.
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From model based approach, the domain model in software technology can be expressed as data structure, data related invariants or axioms, and abstract procedures written in a formal language. Although, currently, it is in a research level centering on universities, standardization of software may be realised in this direction. For details, please refer to the following URL.
http://www.railwaydomain.org/
CONCLUSION
The study of CyberRail started in 1999 from a proposal of a passenger guidance system, in search of an intermodal transport, which should be the mode of transport in the future. Then the idea of the creation of new traffic capacity according to the passengers' demands follows. To resolve problems about restrictions of planning traffic or train diagrams, consideration of both carrier class and route class is naturally focused. Finally the idea of controlling disturbing factors becomes one of the objectives of the CyberRail study. As a portal concept, a geographical map, as one of the representation of a set of positions, enters the stage.
After the completion of CyberRail, the disturbing factors can be cooperated or mitigated into railway operators management cycles. We believe that railway transport quality, particularly, safety, can only be achieved by total approach consisting of research, business management, information sharing, etc., based upon the appropriate model or the architecture of CyberRail.
